The determination of amino acid content in biological samples is important. Due to the structural similarities of amino acids and their spectroscopic interest, most of the successful analytical methods involve chromatography separation. [1] [2] [3] On the other hand, the development of a simple and selective method without tedious separation for detecting cysteine is obviously desirable. Ascorbic acid and cysteine are important substances for the metabolism of living cells and are added as additives to pharmaceutical compounds, foods, etc. Numerous spectrophotometric or spectrofluorometric methods have been reported for the determination of cysteine 4-7 or ascorbic acid. [9] [10] [11] [12] A few papers have reported on the simultaneous determination of ascorbic acid and cysteine spectrophotometric detection, 13 capillary electrophoresis, 14 HPLC with electrochemical detection 15 and differential kinetic spectrophotometry, combined with a partial least square method. 16 According to our knowledge, only one paper has reported about simultaneous determination of ascorbic acid and cysteine using a double flow cell and a spectrophotometric method.
used. PTFE mixing joints were used for the connections and PTFE tubing (1.0 mm i.d.) for the reaction coil. The controlled water bath (Gallen-Kamp, BLG, 220 V) was used at a given temperature of 25.0 ± 0.1˚C. Sample solutions were injected using a six-position rotary Supelco valve with a sample loop that contains a 45 cm peace of PTFE tubing (1.0 mm i.d.). The Jasco spectrofluorometer, Model FP-750, was used for obtaining the spectrum of each reaction solution (mixture of Tl(III) plus AA and Cys). The pH-meter, Corning Model 140, and a Metrohm electrode, Model 6.0202.100, were used for pH determination of the buffer solutions.
Recommended procedure
As shown in Fig. 1 , each solution containing carrier, H2O (R1), Tl(III) solution at pH 3.0, Britton-Robinson buffer, 0.10 M (R2), and Tl(III) solution in HCl (R3) is pumped at 18.5 ml/h (for each channel) via a peristaltic pump. Each standard solution, containing 1.0 × 10 -6 -5.0 × 10 -5 M AA and/or Cys, was injected into a carrier stream via sample injection valve. The sample solution was divided into two parts. The first part was directly treated with a mixture of Tl(III) and KCl in HCl media and then passed to the sample flow cell of the spectrofluorometer, where the fluorescence at 419 nm was measured as initial Cys concentration (first peak). The second part of the injected sample solution was treated with the mixture of Tl(III) plus KCl at pH 3.0 and then passed to the sample flow cell of the spectrofluorometer, where the fluorescence was measured at 419 nm. This signal is related to the concentration of both Cys and AA (second peak). Thus, the AA content was determined by the difference, according to the calibration curve. The concentrations of AA and Cys were evaluated from the peak height measurements by using a calibration curve prepared from the results obtained on standards.
Real sample analysis
For the Hematinic capsule (from Daroo Pakhsh, Iran), 5.0 g of the sample (capsule content) was dissolved in water into a 100 ml beaker. The mixture was filtered using filter paper. The filtrate solution was collected in a 100-ml volumetric flask and diluted with water to the mark and then used for analysis. The lemon juice sample was passed through a filter paper and then used for analysis. For the shampoo samples, 5.0 g of each shampoo sample was taken and dissolved in distilled water and diluted in a 100-ml volumetric flask with water.
Results and Discussion

Oxidation of ascorbic acid and/or cysteine by thallium(III)
Ascorbic acid (AA) and cysteine (Cys) are oxidized by thallium(III) in mild acidic media (pH ≈ 3) to produce thallium(I) and the oxidized form of the reagents. Thallium(I) then forms a stable complex with chloride ions as TlCl3 2-. This thallium complex has a violet fluorescence, 18 whereas thallium(III) does not any fluorescence properties. 18 Figures 2a and 2b show the fluorescence spectra recorded with time for ascorbic acid (Fig. 2a) and cysteine (Fig. 2b) . These figures show that the reaction rate of AA with Tl(III) is faster than that of Cys. In addition, we found that the rate of reaction of oxidation of AA with Tl(III) decreases sharply with decreasing pH (increasing acidity of the solution), whereas the rate does not change much for Cys with decreasing pH. Figure 3 shows this phenomenon. Therefore, when the mixture of AA and Cys react with Tl(III) in 0.080 M HCl, only Cys reacts at a short time as shown in Fig. 3c , whereas AA does not produce any fluorescence signal in this acidic media (Fig. 3d) . On the other 1068 ANALYTICAL SCIENCES SEPTEMBER 2005, VOL. 21 
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hand, both AA and Cys react with Tl(III) to produce fluorescence signal at pH > 2 ( Fig. 3a and 3b ). This is due to the fact that the rate of oxidation of AA in acidic media is lower than that of Cys, because the removal of H + from the oxygen atom in AA is more difficult than removing it from the sulfur atom in Cys (an oxygen atom is more electronegative than a sulfur atom). Therefore, by suitable designing of FI manifold and adjusting the pH of the solutions, we can detect AA and Cys simultaneously.
Influence of chemical variables
The influence of pH, HCl concentration, Tl(III) and KCl concentration on the peak height (sensitivity) were investigated with 200 µL of 1.0 × 10 -5 M of both AA and Cys, using a reaction coil length of 170 cm and pump flow rate of 13.5 ml/h (for each channel) at 25˚C.
The influence of pH on the sensitivity was studied with 1.0 × 10 -5 M of Tl(III) and 0.150 M of KCl, in the pH range of 1.0 -10.0. Figure 4 shows that the fluorescence signal increased for AA with increasing pH from 1.0 to 3.0 and then decreased, whereas the fluorescence signal of Cys is nearly constant for pH from 1.0 to 6.0. This is due to the fact that addition of H + ion causes the oxidation rate of AA to decrease (H + ion is one of the product compounds of the oxidation reaction of AA to dehydroascorbic acid). On the other hand, the oxidation ability of Tl(III) decreases in alkaline solution. Therefore, for determination of both AA and Cys in one stream, a pH value of 3.0 (Britton-Robinson buffer, 0.1 M) was selected.
In order to differentiate between AA and Cys signals, we studied the influence of HCl concentration on the reaction rate with 0.30 M KCl, 1.0 × 10 
Influence of manifold variables
The effect of length of the reaction coil, pump flow rate and sample volume on the sensitivity and peak separation were studied with the optimum reagent concentrations at 25˚C and with 1.0 × 10 -5 M AA and Cys, respectively. For the two systems (using pH 3.0 for determination of AA and Cys and in the presence of 0.080 M HCl for only Cys determination) the peak height depends on the residence time of the sample zone in the system (tube length and flow rate). Reaction coils lengths of 50 to 250 cm were tested. The results showed that the sensitivity for Cys signal increased by increasing the length of the reaction coil from 50 to 100 cm, above which the signal decreased slightly due to increasing dispersion. On the other hand, increasing length of the reaction coil had no considerable effect on the AA signals, because the reaction rate for AA with Tl(III) is much faster than that for Cys. Therefore, a reaction coil of 100 cm length was selected for the study when single determination of AA or Cys is required. For obtaining the optimum peak resolution in the simultaneous design, the uses of 270 cm reaction coil length (RC1) in the buffer line and 50 cm (RC2) in the HCl line are necessary to separate the signal produced from Cys alone and that produced from AA plus Cys (in buffer line).
The influence of flow rate on the sensitivity was studied in the range of 0.167 -0.583 ml min -1 for each channel with the optimum reagent concentration at 25˚C and with 1.0 × 10 -5 M AA and Cys, respectively, RC1 of 270 cm and RC2 of 50 cm. The results showed that low flow rates gave higher fluorescence signal for Cys, whereas the flow rate had no effect on the AA 1069 ANALYTICAL SCIENCES SEPTEMBER 2005, VOL. 21 signals, because the reaction rate for AA is too faster than that for Cys. Therefore, 0.50 ml min -1 as an optimum flow rate for each channel was selected.
The influence of sample loop volume on the sensitivity was studied under the optimum reagents and manifold conditions at 25˚C. The sample volume was varied between 145 to 300 µL. The results showed that the peak height (sensitivity) increased with increasing injected volume up to 200 µL for both AA and Cys, above which the signals remained virtually constant. Thus, a sample volume of 200 µL was chosen for further experiments.
Calibration graph and analysis of mixtures
Under the optimum conditions, at pH 3.0, both AA and Cys react with Tl(III) to produce The relative standard deviations for determination of eleven replicate 2.0 × 10 -5 M AA and 1.5 × 10 -5 M Cys were 2.1 and 1.4%, respectively. The sampling rate was about 16 samples per hour.
The recoveries of AA and Cys in the synthetic mixtures were satisfactory ( Table 3 ). The flow injection allows us to determine rapidly the same and different concentration levels of 1070 ANALYTICAL SCIENCES SEPTEMBER 2005, VOL. 21 Table 3 Determination of AA and Cys in real samples AA and Cys with good recoveries.
Interference studies and application
In order to validate the possible analytical application of the method, we investigated the effect of various potential interfering compounds on the determination of 1.0 × 10 -5 M Cys and/or AA. The results are given in Tables 1 and 2 . The tolerance limit was defined as the concentration of added species causing less than 5% relative error. The results showed that many substances, especially amino acids, did not interfere in the determination of AA and Cys.
Tables 3 summarizes the analytical results for determination of AA and Cys in a pharmaceutical formulation, lemon juice, water and two kinds of shampoo by the proposed method. In order to test the accuracy of the proposed method, samples were spiked with standard solution of AA and/or Cys. The data obtained for the samples spiked with the standard showed good recoveries.
Conclusion
The new method described is significant for the development of a simple, sensitive and rapid manifold for simultaneous determination of AA and Cys in real samples. Its simplicity, sensitivity and reproducibility are coupled with the high speed and safe analysis available with the FIA technique.
